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Abstract
We propose the Starobinsky-type inflationary model in the matter-coupled
N = 1 four-dimensional supergravity with the massive vector multiplet that
has inflaton (scalaron) and goldstino amongst its field components, whose
action includes the Dirac-Born-Infeld-type kinetic term and the generalized
(new) Fayet-Iliopoulos-type term, without gauging the R-symmetry. The
N = 1 chiral matter (”hidden sector”) is described by the modified Polonyi
model needed for spontaneous supersymmetry breaking after inflation. We
compute the bosonic action and the scalar potential of the model, and show
that it can accommodate the positive (observed) cosmological constant (as
the dark energy) and the spontaneous supersymmetry breaking at high scale
after the Starobinsky inflation.
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1 Introduction
Supergravity is well motivated in theoretical high-energy physics of elemen-
tary particles beyond the Standard Model, in the gravitational theory, and
in superstring theory. Supergravity theory is also considered as the promis-
ing framework in theoretical cosmology, because it has the natural candidate
for dark matter particle, known as the Lightest Supersymmetric Particle
(LSP). It is also worth mentioning that the phenomenological supergravity
model building, both for particle physics and cosmology, is highly non-trivial,
because the supergravity interactions are very restrictive (due to local super-
symmetry), and the low-energy bounds (given by the Standard Model of
elementary particles and the ΛCDM Model of Cosmology) are tight.
The standard approach to the supergravity-based cosmology and the re-
lated inflationary model building employs chiral superfields for matter, infla-
ton and goldstino. The inflaton field is the real scalar field driving inflation,
whereas a chiral multiplet has a complex physical scalar. Hence, another
(non-inflaton) real scalar has to be stabilized during a single-field inflation.
Since Supersymmetry (SUSY) is spontaneously broken during inflation, there
must be also the goldstino (fermionic) field that is usually assigned to a chiral
multiplet too. Then the input is provided by a (non-holomorphic) Ka¨hler po-
tential and a (holomorphic) superpotential of the chiral superfields involved.
The inflationary scalar potential in supergravity generically suffers from the
so-called η-problem, so that the input should be carefully designed to avoid
this problem — see e.g., Refs. [1, 2, 3, 4, 5, 6, 7] for many examples.
The viable alternative to the standard approach in the inflationary cos-
mology based on supergravity is possible by employing a massive vector mul-
tiplet that has only one (real) physical scalar to be identified with inflaton,
and its fermionic superpartner to be identified with goldstino (there is the
massive vector field too). This alternative approach in its most minimal form
(without chiral matter) can accommodate cosmological inflation with any
values of the Cosmic Microwave Background (CMB) radiation tilts ns and r
[8, 9, 10], but fails to achieve a positive cosmological constant (dark energy)
and spontaneously broken SUSY after inflation. Phenomenological applica-
tions of supergravity to particle physics (reheating) after inflation demand
adding the ”hidden sector” to be responsible for spontaneous SUSY breaking
and, next, a mediation of the SUSY breaking from the hidden sector to the
observable (low-energy) phenomena described by the Standard Model. The
simplest candidate for the hidden sector is given by the so-called Polonyi
model of a single chiral superfield with a linear superpotential [11]. The
Polonyi model was employed for SUSY breaking in the supergravity model
with inflaton in the massive vector multiplet in Refs. [12, 13].
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Starobinsky inflation [14] can be also realized in the supergravity with in-
flaton (scalaron) in the massive vector multiplet, without chiral matter [8, 9].
However, in the presence of the Polonyi superfield, it was found to lead to
instability of the inflationary trajectory [15]. A cure to the last problem
was also proposed in Ref. [15] by modifying the embedding of the Starobin-
sky model into supergravity. The alternative possibility was proposed in
Ref. [16] by removing the Polonyi superfield, but adding the generalized
Fayet-Iliopoulos (PI) term instead, which does not require gauging the R-
symmetry. Such new FI terms in supergravity were recently introduced in
Refs. [17, 18, 19, 20]. Then it is possible to get a positive cosmological con-
stant via the D-type spontaneous SUSY breaking by the use of the FI term
[19]. However, because of the tiny observed value of the cosmological con-
stant, the scale of such SUSY breaking appears to be very small and, hence,
inappropriate for particle physics phenomenology.
In this paper we add the Polonyi superfield to the supergravity model of
Ref. [16], in order to achieve a higher scale of spontaneous SUSY breaking
via the F-type SUSY breaking, while also keeping the D-type SUSY breaking
due to the FI term describing the observed positive cosmological constant.
Our construction appears to be very delicate and rather complicated, and is
based on the following theoretical resources (tools):
• the manifest (linearly realized) local N = 1 supersymmetry,
• the inflaton (scalaron) and the goldstino in the massive N = 1 vector
multiplet,
• the vector multiplet kinetic terms of the Dirac-Born-Infeld (DBI) struc-
ture inspired by superstrings and D-branes [21, 22, 23],
• the generalized Fayet-Iliopoulos (FI) term, without gauging the R-
symmetry [17, 18, 19, 20], 1
• the Ka¨hler potential with the stabilizing (quartic) term, and the mod-
ified kinetic term of the Polonyi superfield,
• the Starobinsky (real) master function modified by a linear term in
supergravity.
Our motivation and reasons for these modifications of the Polonyi-Starobinsky
(PS) supergravity of Refs. [15, 16] are explained in the main text of this pa-
per.
1The standard FI term in supergravity is known to be very restrictive, that is prob-
lematic for cosmological applications [24].
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Our paper is organized as follows. The technical setup based on the
superconformal tensor calculus with a chiral compensator is briefly reviewed
in Sec. 2. In Sec. 3 we define our supersymmetric action for the vector
multiplet, and calculate its bosonic terms, including the auxiliary field and
the scalar potential. In Sec. 4 we introduce the modified Polonyi model
in the context of PS supergravity, and study its properties during and after
inflation. In Sec. 5 we propose a more general action in the curved superspace
of the ”old-minimal” supergravity, connect it to the actions defined in Secs. 2
and 3, and use the superfield formulation to verify our results found in the
superconformal tensor calculus approach. 2 Our conclusion is given by Sec. 6.
Technical details are collected in Appendices A, B, C and D.
2 Superconformal tensor calculus
We use the conformal N = 1 supergravity techniques [25, 26, 27, 28, 29], and
follow the notation and conventions of Ref. [30]. In addition to the symme-
tries of Poincare´ supergravity, one also has the gauge invariance under dilata-
tions, conformal boosts and S-supersymmetry, as well as under U(1)A rota-
tions. The gauge fields of dilatations and U(1)A rotations are denoted by bµ
and Aµ, respectively. A multiplet of conformal supergravity has charges with
respect to dilatations and U(1)A rotations, called Weyl and chiral weights,
respectively, which are denoted by the pair (Weyl weight, chiral weight) in
what follows.
A chiral multiplet has field components
S = {S, PLχ, F}, (1)
where S and F are complex scalars, and PLχ is a left-handed Weyl fermion
(PL is the chiral projection operator). In this paper, we use two types of
chiral multiplets: the conformal compensator S0 and the matter multiplets
Si, where the index i = 1, 2, 3, . . ., counts the matter multiplets. The S0 has
the weights (1, 1) and is used to fix some of the superconformal symmetries.
The matter multiplets Si have the weights (0, 0). The anti-chiral multiplets
are denoted by S¯0 and S¯
i¯.
As regards a general (complex or real) multiplet, it has the field content
Φ = {C,Z,H,K,Ba,Λ,D}, (2)
where Z and Λ are fermions, Ba is a (complex or real) vector, and others are
(complex or real) scalars, respectively.
2Though the superspace approach and the superconformal tensor calculus approach to
supergravity are equivalent, their correspondence is non-trivial.
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The (gauge) field strength multiplet W has the weights (3/2, 3/2) and
the following field components:
η¯W =
{
η¯PLλ,
1√
2
(
−1
2
γabFˆ
ab + iD
)
PLη, η¯PL 6Dλ
}
, (3)
where η is the dummy spinor, Fˆab = ∂aBb − ∂bBa + ψ¯[aγb]λ ≡ Fab + ψ¯[aγb]λ
is the superconformally covariant field strength, the ψa is gravitino, the λ
and D are Majorana fermion and the real auxiliary scalar, respectively. The
related expressions of the multiplets W 2 and W 2W¯ 2, which are embedded
into the chiral multiplet (1) and the general multiplet (2), respectively, are
W 2 =
{
· · · , · · · , · · ·+ 1
2
(FF − FF˜ )−D2
}
, (4)
W 2W¯ 2 =
{
· · · , · · · , · · · , · · · , · · · , · · · , · · ·+ 1
2
|(FF − FF˜ )− 2D2|2
}
, (5)
where we have omitted the fermionic terms (denoted by dots) for simplicity.
In addition, we use the book-keeping notation FF = FabF
ab and F˜ ab ≡
− i
2
εabcdFcd throughout the paper.
We also need another chiral multiplet
Σ
(
W¯ 2/|S0|4
)
={
−(
1
2
FF + 1
2
FF˜ −D2)
|S0|4 + · · · , · · · ,
F0
|S0|4S0 (FF + FF˜ − 2D
2) + · · ·
}
,
(6)
where Σ is the chiral projection operator [28, 29]. The argument of Σ re-
quires specific Weyl and chiral weights: in order for ΣΦ to make sense, Φ
must satisfy w − n = 2, where (w, n) are the Weyl and chiral weights of
Φ. We adjust the correct weights of the argument, by inserting the factor
|S0|4. Equation (6) is the conformal supergravity counterpart of the super-
field D¯2W¯ 2.
The covariant derivative of W is given by [29]
DW = {−2D, · · · , · · · , · · · , · · · , · · · , · · · } (7)
of the weights (2, 0). Here, the dots in the higher components also include
some bosonic terms, but we do not write down them here for simplicity (see
Ref. [17] for their explicit expressions).
A massive vector multiplet V has the field components
V = {C,Z,H,K,Ba, λ,D} , (8)
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while all of them are either real (bosonic) or Majorana (fermionic). The
weights of V are (0, 0).
The bosonic parts of the F-term invariant action formulas are
[S]F =
∫
d4x
√−g1
2
(
F + F¯
)
, (9)
while they can be applied only when S has the weights (3, 3). The bosonic
part of the D-term formula for a real multiplet φ of the weights (2, 0) is
[φ]D =
∫
d4x
√−g
(
Dφ − 1
3
CφR(ω)
)
, (10)
where R(ω) is the superconformal Ricci scalar in terms of spacetime metric
and bµ [30]. The Cφ and Dφ are the first and the last components of φ,
respectively.
3 Vector multiplet coupled to chiral matter
Let us consider a (chiral) matter coupled extension of the DBI and FI system
investigated in Ref. [16], with the action
S = SV,M + SDBI + SFI , (11)
where we have introduced
SV,M =
[
|S0|2H
]
D
+ 2[S30W ]F , (12)
SDBI = −1
2
[W 2]F +
[
αW 2W¯ 2
|S0|4
(
1− 2αA+√1− 4αA+ 4α2B2)
]
D
, (13)
SFI =
[
|S0|2HI W
2W¯ 2
(DW )2(D¯W¯ )2DW
]
D
. (14)
Here, H, I, and α are arbitrary weightless real functions of V, Si, and S¯ i¯, the
W is a holomorphic superpotential that depends on Si only. The A and B
in SDBI are given by
A = Σ¯
(
W 2
|S0|4
)
+ h.c., B = Σ¯
(
W 2
|S0|4
)
− h.c. (15)
More general actions are defined in Sec. 5 and Appendix A.
The action (11) reduces to the action of Ref. [12] in the limit of the
vanishing α and I. It is remarkable that one can introduce a superpotential
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without any restriction because the new FI term does not require the gauged
R-symmetry. Under Ka¨hler transformations, the S0, H, andW transform as
S0 → S0eY , H → He−Y−Y¯ , W →We−3Y , (16)
where Y is a holomorphic function of Si. That is why we inserted the factor
H in Eq. (14) for the Ka¨hler invariance, as was pointed out in Refs. [19, 20].
To obtain the Lagrangian in field components, we have to eliminate the
unwanted symmetries of the conformal supergravity by gauge fixing, and
solve for the auxiliary fields by their (algebraic) equations of motion. These
steps can be done separately in Eqs. (12)-(14), except for the integration
of the auxiliary field D. Let us focus on the SV,M first, and demonstrate
the result for the bosonic part only. The details of derivation are given in
Appendix B. The resulting Lagrangian LV,M reads 3
LV,M =1
2
R− 1
2
JCC(∂aC)2 − 1
2
JCCB2a + JCD (17)
− 2Jij¯∂aSi∂aS¯ j¯ +
(−JCi∂aC∂aSi − iJCiBa∂aSi + h.c.)− VF ,
where we have defined
J = −3
2
log
(
−2
3
H
)
, (18)
and the subscripts on J andW denote the derivatives with respect to C and
Si(S¯ i¯). The VF is the F-type scalar potential,
VF =e
2J
[
2∆ij¯
{
1
2
Wi +
(
Ji − JCiJCJCC
)
W
}{
1
2
W¯j¯ +
(
Jj¯ −
JCj¯JC
JCC
)
W¯
}
+ 2
J 2C
JCC |W|
2 − 3|W|2
]
, (19)
where we have used the notation
∆ij¯ =
(
∆ij¯
)−1
, ∆ij¯ = Jij¯ −
JCiJCj¯
JCC . (20)
Under the superconformal gauge fixing conditions (109)-(111), the SDBI
becomes (see also Appendix A)
LDBI =e
4J /3
8α
[
1−
√
1− 8αe−4J /3
(
D2 − 1
2
FF
)
+ 4α2e−8J /3(FF˜ )2
]
. (21)
3The Lagrangian density is defined by S =
∫
d4x
√−gL.
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The bosonic part of LFI takes the same form as that in Ref. [16], with
LFI = I
(
D2 − 1
2
FF
)2 − 1
4
(FF˜ )2
6D3
, (22)
though with the matter-dependent I-function in general.
Having obtained the total Lagrangian L = LV,M + LDBI + LFI before
integrating out D, we can discuss the elimination of D . The D equation of
motion gives
JC + 1√F2 − 8αe−4J /3D2D +
I
6
(
1 +
FF
D2
− 3
4
(FF )2 − (FF˜ )2
D4
)
= 0,
(23)
where we have used the notation
F(F ) ≡
√
1 + 4αe−4J /3FF + 4α2e−8J /3(FF˜ )2 . (24)
Similarly to Ref. [16], we find a perturbative solution with respect to the
FI term,
D = D(0) + ID(1) +O(I2) , (25)
where we have introduced
D(0) = KF , (26)
D(1) = − K
3
6J 3C
F
(
1 +
FF
K2F2 −
3
4
(FF )2 − (FF˜ )2
K4F4
)
, (27)
and
K2 ≡ J
2
C
1 + 8αJ 2Ce−4J /3
. (28)
Substituting the solution (25) back into the Lagrangian, we obtain the
Lagrangian in the first order with respect to I as follows:
L =1
2
R− 1
2
JCC(∂aC)2 − 1
2
JCCB2a − 2Jij¯∂aSi∂aS¯ j¯ (29)
+
(−JCi∂aC∂aSi − iJCiBa∂aSi + h.c.)− VF
+
e4J /3
8α
(
1± JC
K
F
)
± I
6
KF
(
1− FF
K2F2 +
(FF )2 − (FF˜ )2
4K4F4
)
+O(I2).
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When Ba = 0, Eq. (23) can be solved exactly, and its solution is given by
D =
√√√√ (JC + I6 )2
1 + 8αe−4J /3
(JC + I6 )2 . (30)
Thus, the Lagrangian becomes
L =1
2
R− 1
2
JCC(∂aC)2 − 2Jij¯∂aSi∂aS¯ j¯
+
(−JCi∂aC∂aSi + h.c.)− VF − VD , (31)
where we have
VD = −e
4J /3
8α
1−
√
1 + 8αe−4J /3
(
JC + I
6
)2 . (32)
The field dependent kinetic term of the vector field Ba can be read off
from Eq. (30), and it should be negative to avoid a ghost mode, i.e.
− 1
4K
(
JC − 2
3
I + 4
3
αK2Ie−4J /3
)
< 0. (33)
4 Inflation and SUSY breaking
Let us apply the supergravity model constructed in the previous section
to a description of cosmological inflation, spontaneous SUSY breaking after
inflation, and dark energy (positive cosmological constant). In this section
we restore the (reduced) Planck mass MP and the gauge coupling constant
g. 4
We specify our model for the Starobinsky-type inflation by identifying the
real scalar C of the massive vector multiplet with the inflaton (Starobinsky
scalaron). We also add the SUSY breaking (hidden) sector Φ as the modified
Polonyi model, with
J =J(C) + 1
2
|Φ|2 + ζ|Φ|4 + C(Φ + Φ¯), (34)
W =µ(Φ + β), (35)
4The vector multiplet gets its mass via Higgs effect, see Sec. 5 for more.
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where the function J is taken in the Starobinsky form [9, 10] modified by the
linear term with the real coefficient γ as follows:
J = −3
2
M2P log
(
− C
MP
eC/MP
)
+ γMPC. (36)
Some comments are in order. The original Polonyi model [11] is obtained
in the case of the vanishing parameters ζ,  and γ, with the µ and β as the
real parameters. We have added the quartic coupling with the ζ parameter
to the Ka¨hler potential, and the mixing of the kinetic terms of C and Φ with
the parameter  in (34). As regards Eq. (36), we have also added the linear
term in C. As is demonstrated below, all these modifications are necessary
to achieve our goals given in the Abstract and Sec. 1.
The F - and D- type scalar potentials are given by
VF =e
2J /M2Pµ2
[
1
∆
|1 + 1
M2P
(Φ + β)(Φ¯ + 4ζΦ¯|Φ|2 + 2C − 2Q)|2
− 3
M2P
|Φ + β|2P
]
, (37)
VD =
M4P
a4
√1 + a4(gJC
MP
+
b
6
)2
− 1
 , (38)
where we have defined
∆ = 1 + 8ζ|Φ|2 − 2 
JCC
, (39)
P = 1− 2
3M2P
J 2C
JCC
, (40)
Q =
JC
JCC
, (41)
with the dimensionless parameters a and b according to
α =
a4e4J /3M
2
P
8M4P
and I = bM2P. (42)
The kinetic term of the inflaton C is given by
−3M
2
P
4C2
(∂aC)
2 . (43)
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It should be noticed that the γ-modification above does not affect this kinetic
term. Hence, we define the ”canonical” inflaton (scalaron) as 5
C/MP = −e
√
2
3
ϕ
MP . (44)
4.1 During inflation
In this subsection, we discuss the stabilization of Φ during inflation. Ex-
panding the scalar potential around Φ = 0 up to the second order, we obtain
VF = V0 + δRΦR +
1
2
m2RΦ
2
R +
1
2
m2IΦ
2
I + . . . , (45)
where Φ ≡ 1√
2
(ΦR + iΦI) and
V0 ∼ µ
2β2
12M2P
e(3−2γ)e
x−x(3− 2γ)2(4− ) + M
4
P
a4
(R− 1), (46)
δR ∼ − µ
2β2
3
√
2M3P
e(3−2γ)e
x
(3− 2γ)2(4− )− 3√
2R
g2M3P
(
1− 2γ
3
− b
9g
)
,
(47)
m2R ∼ −
µ2β2ζ
2M2P
e(3−2γ)e
x−3x(3− 2γ)2 + 2g
2M22
R3
, (48)
m2I ∼ −
µ2β2ζ
2M2P
e(3−2γ)e
x−3x(3− 2γ)2, (49)
x ≡
√
2
3
ϕ
MP
, (50)
R ≡
√
1 +
9
4
a4g2
(
1− 2γ
3
− b
9g
)2
. (51)
Here we have assumed x 1 and M2P|ζ|  1,6 and have extracted only the
dominant terms. The terms proportional to µ (g) come from VF (VD), so
that we call them as the F -(D-) contributions, respectively.
Let us comment on the role of γ in Eq. (36). As can be seen from Eq. (46),
the first term spoils the flatness of the scalar potential without γ. This fact
5Strictly speaking, due to the kinetic mixing between C and Φ, the scalar ϕ is not
canonical. However, we can ignore this by keeping the parameter  small, ||  1.
6To avoid a tachyonic mass, the ζ should be negative.
11
was already pointed out in Ref. [15]. Hence, we have to assume γ ≥ 3/2 from
now on. 7
For γ ≥ 3/2, theD-term contributions are dominant in Eqs. (46) and (47).
For the mass term in Eq. (48), however, the dominant term depends on the
value of ζ. Hence, we have to assume a relatively large |ζ| that strongly
stabilizes χR at its origin. This requires |ζ|  g
2M2P
µ2
e−(3−2γ)e
x+3x. Thus, we
obtain 〈ΦR〉 ∼ 〈ΦI〉 ∼ 0 during inflation. In the case of Starobinsky inflation,
the x varies between 5.5 and 0.5 according to [31], which implies a huge |ζ| in
general. However, when γ = 3/2+δ is very close to 3/2, e.g., with δ ≤ 0.001,
it is enough to require |ζ|M2P  g
2M4P
µ2
× 107.
If ζ = 0, the D-term contribution is dominant in Eq. (48). Then, χR tends
to be light (∼ g2M2P), and the deviation of 〈ΦR〉 from its origin is typically
given by O(MP). In this case, the isocurvature perturbations should also be
included into consideration.
After integrating out Φ, we obtain the effective potential during inflation
as
Veff = VD|Φ=0 . (52)
This potential is known to be viable for inflation — see Ref. [16] for details.
One may wonder whether the expansion of the scalar potential of Polonyi
superfield up to the second order in Eq. (45) can be trusted. The full scalar
potential V given by a sum of Eqs. (37) and (38) is dictated by Eqs. (34)
and (35). We checked the stabilization numerically (Figure 1) with the ratio
β/MP = −1 for the relevant values of ϕ.
7Should µ2 be much smaller than the inflationary scale ∼ VD, we could neglect the first
term in V0 even when γ < 3/2. However, the value of µ comparable with the observed
dark energy scale (the cosmological constant) implies the very small SUSY breaking scale
in the vacuum, so that we do not consider this situation here.
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Figure 1: 3D plot of the potential V in the (ϕ,ΦR) plane with the parameters
β/MP = −1, δ = 0.1,  = −5 × 10−3, g = 10−6, a = 1, µ = 10−3, b = −6γg,
and ζ = 102.
4.2 After inflation
In this subsection, we investigate the vacuum structure after inflation in our
model. We expand the scalar potential around ϕ = 0 and Φ = 0, 8
V = V0 + δϕϕ+ δRΦR +
1
2
m2ϕϕ
2 +m2RϕΦRϕ+
1
2
m2RΦ
2
R +
1
2
m2IΦ
2
I + . . . ,
(53)
where we have
V0 ∼ O(µ2), (54)
δϕ ∼ O(µ2/MP), (55)
δR ∼ O(µ2/MP), (56)
m2ϕ ∼ O(µ2/M2P), (57)
m2R ∼ m2I ∼ O(µ2ζ). (58)
The explicit values are shown in Appendix C. Also, we neglected the D-term
contributions. This is valid when the SUSY breaking scale µ is much larger
than the inflation scale M2Pg.
9
8Due to ζ 6= 0, the value 〈Φ〉 = (√3 − 1)MP of the original Polonyi model does not
correspond to a minimum [32].
9The g is set to be ∼ 10−6 by the amplitude of the CMB power spectrum [16].
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For large |ζ|, we obtain the following vacuum expectation values:
〈ϕ〉 ∼ − δϕ
m2ϕ
∼ O(MP), 〈ΦR〉 ∼ O(1/MPζ), 〈ΦI〉 ∼ 0. (59)
Inserting them into Eq. (53) and neglecting the terms suppressed by ζ, we
find the minimum of the potential at
〈V 〉 ∼ 〈VF 〉
∼ V0 −
δ2ϕ
2m2ϕ
∼ µ
2e3−2γ
3M2(4− 3)V(β, γ, ). (60)
Here V is a complicated function of (β, γ, ) that can be read off from
Eqs. (122) and (124). Like the original Polonyi model, we demand 〈VF 〉 = 0
by tuning the parameter β.
Note that in the special case  = γ = 0, we have
V(β, 0, 0) = 3
(
1− 3β
2
M2P
)
, (61)
so that β = MP/
√
3 leads to 〈VF 〉 = 0 [32].
Now γ satisfies γ > 3/2 and, therefore, the value of β to obtain V = 0
is changed. 10 Unfortunately, we found that there is no real solution β of
V = 0, when  = 0. One can check it by explicitly solving the equation
V(β, γ, 0) = 0 that has the following four solutions:
β/MP = ±
√
Λ±√Σ
Γ
, (62)
Γ = 32γ6 − 96γ5 + 32γ4 + 240γ3 − 414γ2 + 162γ + 81, (63)
Λ = 48γ3 − 42γ2 + 54, (64)
Σ = 128γ6 − 576γ5 + 1120γ4 − 1296γ3 + 900γ2 − 324γ + 81. (65)
As one can see in Figure 2, there is no real solution of β since the argument
of the square root is always negative for γ > 3/2. This is also the case when
β is extended to a complex parameter, because then the solution (62) is
replaced by
|β|/MP =
√
Λ±√Σ
Γ
(66)
10The special case with γ = 3/2 and  = ζ = 0 yielding a Minkowski vacuum is
considered in Appendix D.
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that cannot be imaginary.
Figure 2: The red and green (dashed) lines show the ”+” and ”-” branches,
respectively.
However, for a non-vanishing , the condition V(β, γ, ) = 0 can be satis-
fied. First, let us comment on the allowed regions of . They are determined
by requiring no ghost mode in the system. Since  induces the kinetic mixing
of ϕ and Φ (see Eq. (34)), we have the following eigenvalues:
λ± = 1 + 4ζ|Φ|2 ±
√
16ζ2|Φ|4 + 
2
3
e2x (67)
in the diagonal basis of the kinetic terms. Therefore, to avoid a ghost mode
during inflation, the  must satisfy
|| <
√
3e−x , (68)
where we have neglected the terms including Φ, because they are suppressed
by ζ. At the point x = 5.5, we have a constraint || < √3e−x ∼ 7× 10−3.
For example, given δ = 10−5 and  = −5.0 × 10−3,11 we obtain the two
solutions numerically:
(i) β ∼ −76MP, (69)
(ii) β ∼ −266MP. (70)
11In the case of  > 0, there is a singularity in the scalar potential.
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In both cases, the masses of ϕ,ΦR and ΦI are estimated as
(i) m2ϕ ∼ 6.0× 10−2µ2/M2P, m2R ∼ m2I ∼ 2.1µ2|ζ|, (71)
(ii) m2ϕ ∼ 3.9µ2/M2P, m2R ∼ m2I ∼ 148µ2|ζ|, (72)
while they are all positive.
To summarize this subsection, due to the existence of  6= 0, we can
find solutions of β to get V = 0. 12 Then, the D-term contributions to the
vacuum energy, neglected in Eqs. (53) and (60), become important. The
vacuum energy produced by VD is given by
〈V 〉 =〈VD〉
∼M
4
P
a4
√1 + 9
4
a4g2
(
1− 〈e−x〉 − 2
3
γ − b
9g
)2
− 1
 , (73)
where 〈x〉 can be read off from Eq. (59). To obtain a tiny positive cosmo-
logical constant, we have to tune the value of b. For example, by setting
b = 9g
(
1− 〈e−x〉 − 2
3
γ
)
+ ˜, we find
〈V 〉 ∼ M
4
P
72
˜2 . (74)
To this end, we comment on the SUSY breaking scale in the vacuum.
The vacuum expectation values of FΦ and D are given by
|〈FΦ〉| ∼ µe2〈J 〉/M2P 1〈∆〉
(
1− 2 β
M2P
〈MPex +Q〉
)
, (75)
|〈D〉| ∼ M
2
P
6
˜ . (76)
As is clear from these equations, the F- and D- type breaking scales are
decoupled, while the D-type scale can be arbitrarily small. In the examples
(i) and (ii) above, the |〈FΦ〉| is given by
(i) |〈FΦ〉| ∼ 1.8× 104µ, (77)
(ii) |〈FΦ〉| ∼ 9.8× 10−3µ. (78)
12We neglected the ζ-suppressed terms in our analysis. When taking into account their
contribution, our solutions for β are going to be corrected by the O(1/ζ) terms.
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5 Superspace actions and super-Higgs effect
It is instructive to reformulate our model in the curved superspace of the
old-minimal supergravity, because it helps in construction of more general
supergravity models, as well as for verifying our calculations based on the
superconformal tensor calculus.
5.1 Superspace Lagrangian
Let us consider the following superspace Lagrangian by using the standard
notation and conventions of Ref. [33],
L =
∫
d2Θ2E
[
3
8
(D¯2 − 8R)e− 23J
(
1 +
4gI
9
W2W¯2
(DW)3
)
+W (Si) + LDBI
]
+ h.c.
(79)
Here J and I are arbitrary real functions of chiral superfields Si, S¯i and a
real massive superfield V , whose gauge coupling is g; W (Si) is a holomorphic
superpotential; W ≡ WαWα and DW ≡ DαWα where Wα is the chiral
superfield strength of V . The LBI is the DBI contribution,
LDBI =
1
4
fW2− α
16
(D¯2−8R) |f + f¯ |
2W2W¯2
1 + 4α(ω + ω¯) +
√
1 + 8α(ω + ω¯) + α
2
16
(ω − ω¯)2
,
(80)
where f = f(Si) is a holomorphic gauge kinetic function, α is the DBI
parameter extended to a function of the chiral (matter) superfields, and ω is
ω =
1
16
(f + f¯)(D¯2 − 8R)W2 . (81)
The Lagrangian (79) is written after the superconformal gauge fixing in
the so-called Jordan frame. After eliminating the auxiliary fields and the
Weyl rescaling to the Einstein frame, the bosonic component Lagrangian
reads
e−1L = 1
2
R+
√
1 + 8αe−
4
3
J Z
2
fR
(
gI
6Z
− 1
4
)
fRF
2 +
i
4
fIFF˜ − 1
2
JCC∂aC∂aC
− 2Jij¯∂aSi∂aS¯j −
1
2
g2JCCBaBa − JCi∂aC∂aSi − JCi¯∂aC∂aS¯i
+ iBa(JCi∂aSi − JCi¯∂aS¯i)− VD − VF +O(F 4) , (82)
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with the F- and D-type scalar potentials
VF = e2J
[
2∆ij¯
(
χiW +
1
2
Wi
)(
χ¯j¯W¯ +
1
2
W¯j¯
)
−
(
3− 2 J
2
C
JCC
)
|W |2
]
,
(83)
VD = e
4
3
J
8α
[√
1 + 8αe−
4
3
J Z
2
fR
− 1
]
=
Z2
2fR
+O(α) , (84)
where we have introduced the notation
Z ≡ −g
(
JC + I
6
)
, fR ≡ Ref , fI ≡ Imf ,
∆ij¯ ≡
(
Jij¯ −
JCiJCj¯
JCC
)−1
, χi ≡ Ji − JCiJCJCC , χ¯i¯ ≡ Ji¯ −
JCi¯JC
JCC .
(85)
The Lagrangian (79) is more general than the one of Sec. 2 because it
includes the gauge kinetic function f(Si). See Appendix A for more.
5.2 The gauge-invariant reformulation
The Lagrangian (79) can be rewritten to the manifestly U(1) gauge-invariant
and manifestly supersymmetric form. Let us begin with another action
L =
∫
d2Θ2E
[
3
8
(D¯2 − 8R)e− 13K+Γ
(
1 +
4gI
9
W2W¯2
(DW)3
)
+W (Si) + LDBI
]
+ h.c.
(86)
where we have introduced the Ka¨hler potential K = K(T, T¯ , Si, S¯i) depend-
ing upon the Higgs/Stu¨ckelberg superfield T and the neutral chiral superfields
Si. The Γ = Γ(T, T¯ , V ) is the counterterm for the gauge transformations of
T (so that a sum K + Γ is gauge invariant), while the vector gauge super-
field V is massless. Here the I is an arbitrary gauge-invariant real function
I(T, T¯ , Si, S¯i, V ). The LDBI is unchanged.
The linearly realized U(1) gauge symmetry can be made explicit by re-
quiring that the function K+ Γ only depends upon the product Te2gV T¯ that
is invariant with respect to the gauge transformations
V → V − 1
2
(Λ + Λ¯) , T → TegΛ , (87)
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where Λ is an arbitrary chiral superfield. However, for our purposes, it is
more convenient to let T to transform under the U(1) as follows:
V → V − 1
2
(Λ + Λ¯) , T → T − gΛ , (88)
so that the gauge-invariant combination is given by T + T¯ − 2gV .
It is straightforward to calculate the bosonic terms of the Lagrangian
(86). 13 We find
e−1L = 1
2
R +
√
1 + 8αe−
2
3
KZ
2
fR
(
gI
6Z˜
− 1
4
)
fRF
2 +
i
4
fIFF˜
−Kij¯∂aSi∂aS¯j −KT T¯DaTDaT −KiT¯∂aSiDaT −KT i¯DaT∂aS¯i
− VD − VF +O(F 4) , (89)
where the F - and D-type scalar potentials are
VF = eK
[
KIJ¯ (KIW +WI)
(
KJ¯W¯ + W¯J¯
)− 3|W |2] , (90)
VD = e
2
3
K
8α
√1 + 8αe− 23K Z˜2
fR
− 1
 = Z˜2
2fR
+O(α) . (91)
Here Da is the U(1) covariant derivative
Da ≡ ∂a − gBaXT , (92)
where XT is the Killing vector. 14 The indices I, J in Eq. (90) denote the
scalar field T and Si together, i.e. I = {i, T}. Since we do not consider the
U(1) gauge symmetry as the R-symmetry, the superpotential W should be
independent of T , i.e. WT = 0. The Z˜ stands for
Z˜ ≡ −g
(
D +
I
6
)
, (93)
where D is the Killing potential, which can be expressed as
D = iKTX
T = −iKT¯X T¯ . (94)
A correspondence between the gauge-invariant Lagrangian (86) and its
”massive” counterpart (79) can be established as follows. The ”massive”
13We use the same letters to denote the chiral superfields and their leading components.
14The Killing vector of the linear gauge transformation (87) is XT = −iT , whereas for
the gauge transformation (88) we get XT = i.
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description corresponds to the unitary gauge, T = 0, in the convention (88),
of the Lagrangian (86). In this gauge, we choose Λ = T/g in Eq. (88), which
leads to
V → V˜ = V − 1
2g
(T + T¯ ) and T → 0 . (95)
On the other hand, in the gauge-invariant formulation, we can use the
Wess-Zumino gauge where the auxiliary components of V are gauged away.
In the leading order, this leads to
T + T¯ − 2gC → T˜ + ¯˜T , (96)
where T˜ = T − gC is the Stu¨ckelberg scalar that absorbs the auxiliary real
scalar C. Since the left-hand-side of Eq. (95) in the leading order reads
T + T¯ − 2gC → −2gC˜, comparing it with Eq. (96) yields the relation
2gC˜ = −T˜ − ¯˜T . (97)
Thus we can easily switch between the Lagrangian (79) in terms of J (C, ...)
and the Lagrangian (86) in terms of K(T, T¯ , ...).
As an example, let us consider the Starobinsky case with J in Eq. (79)
given by [9]
2J = −3 log(−C)− 3C . (98)
This can be translated into the gauge-invariant notation by sending C → 2gC
in Eq. (98) and using Eq. (97). The resulting theory is now described by the
Lagrangian (86) with 15
K = −3 log(T + T¯ ) + 3(T + T¯ ) , (99)
whose first term corresponds to the no-scale supergravity.
6 Conclusion
Our purpose and motivation are to unify (i) Starobinsky inflation, (ii) high-
scale spontaneous SUSY breaking after inflation, and (iii) a positive cosmo-
logical constant, in supergravity. To achieve the goal (i), we employ the
minimal number of the physical degrees of freedom contained in the single
massive vector multiplet: the inflaton, the goldstino, and the massive vector
field. The possible observational signatures of the massive vector field may
15The gauge couplings g in the two formulations are related to each other by the factor
of two, i.e. one should take g → g/2 in Eq. (86), or g → 2g in Eq. (79).
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arise as non-gaussianities of the CMB spectrum [34]. To achieve the goal
(ii), needed for reheating and viable particle phenomenology, we employ the
minimal hidden sector described by the single chiral (Polonyi) multiplet. The
goal (iii) is needed to describe the dark energy (the accelerating Universe)
via a de Sitter vacuum.
Despite the considerable progress, mentioned in our references and in the
main text, this line of research faced several problems, such as (a) instability
of the inflationary trajectory due to the mixing of the inflaton and Polonyi
scalar, (b) the limited use of the standard FI term in the supergravity-based
cosmology, and (c) the problem of decoupling the F-type and D-type contri-
butions to the scalar potential, needed for the hierarchy between the observed
cosmological constant and a much higher SUSY breaking scale.
Overcoming these problems is apparently possible only with additional
theoretical resources provided by the DBI structure and the new (generalized)
FI terms that do not require the R-symmetry gauging and, hence, allow for
more general couplings.
We demonstrated in this paper that the goals (i), (ii) and (iii) can be
simultaneously achieved, though in the rather complicated way, via the ex-
tension of the original Polonyi model and the tuning of the parameters.
Our model after stabilization of the Polonyi scalar by construction leads
to the same predictions for the CMB observables as the Starobinsky model
due to the choice (36) of the J-function and the chosen value of the coupling
constant g in Subsect. 4.1. As regards the tiny value of the cosmological
constant Λ1/4 ≈ 0.0024 eV, it arises entirely due to the D-term by demanding
(fine-tuning) the vanishing F-type term, i.e. the vanishing difference between
the two relatively large contributions with the opposite signs in Eq. (60).
As regards the so-called Polonyi problem (i.e. possible overproduction of
Polonyi particles in the early Universe after inflation), it may be avoided in
the supergravity model under consideration [38].
We used the more general Polonyi couplings demanded by consistency of
our approach. It is still desirable to fix interactions of the hidden (Polonyi)
sector by some organizing (symmetry) principles beyond local supersymme-
try. It could be S-duality or extra (hidden and non-linearly realized) super-
symmetry of the relevant actions in the context of partial SUSY breaking,
e.g., by exploiting possible connections to D3-branes and their anti-branes
in string theory [35], though this is beyond the scope of this investigation.
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A Extended DBI sector
Let us study some matter coupled generalizations of the DBI sector, SDBI , in
the superconformal setting. These extensions can be found, e.g., in Refs. [36,
37], where the constraint related to the partial breaking of N = 2 supersym-
metry was used. As a specific extension of the DBI sector, let us take
SDBI =− 1
2
[fW 2]F +
[
αΨW 2W¯ 2
|S0|4
(
1− 2αA+√1− 4αA+ 4α2B2)
]
D
, (100)
where
A = Σ¯
(
W 2
|S0|4 Ω
)
+ h.c., B = Σ¯
(
W 2
|S0|4 Ω
)
− h.c. , (101)
f is a holomorphic gauge kinetic function of Si. In general, α (real), Ψ (real)
and Ω (complex) depend on V, Si and S¯ i¯. All of them are the weightless
multiplets. The bosonic expansion of Eq. (100) reads
LDBI =− 1
4
(
fR − ΨΩR|Ω|2
)
FF +
i
4
(
fI − ΨΩI|ω|2
)
FF˜
+
1
2
(
fR − ΨΩR|Ω|2
)
D2
+
|S0|4Ψ
8α|Ω|2
[
1−
{
1 +
4α
|S0|4
(
−2ΩRD2 + ΩRFF − iΩIFF˜
)
+
4α2
|S0|8
(
−2iΩID2 + iΩIFF − ΩRFF˜
)2}1/2]
, (102)
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where we have used the same letters to denote the first components of f, α,Ψ
and Ω as for the corresponding multiplets or superfields. In addition, the ”R”
and ”I” subscripts denote the real and imaginary parts.
First, we demand the above Lagrangian to have the DBI form (for Fab)
when D = 0, by using the identity
−det (ηab + aFab) = 1 + a
2
2
FF +
a4
16
(FF˜ )2 . (103)
This gives rise to the following consequences:
1. The first term in Eq. (102) should vanish, because Maxwell term comes
from the expansion of the DBI term in the weak field limit. On the
other hand, the FF˜ does not come from the DBI expansion, so that
the second term in Eq. (102) should not vanish.
2. Inside the square root (focusing on the third and fourth lines of Eq. (102)),
we need FF , but not (FF )2. In the same way, we need (FF˜ )2, but not
FF˜ . Otherwise, the expansion formula (103) can never be applied.
After taking the both consequences into account, we obtain
ΩR =
Ψ
fR
and ΩI = 0 . (104)
For example, the case
Ψ = f 2R (105)
leads to
LDBI = i
4
fIFF˜ +
|S0|4
8α
[
1−
√√√√−det(gµν +
√
8αfR
|S0|4 Fµν
)]
. (106)
Hence, when D 6= 0, as in our case, the DBI structure becomes generically
more complicated.
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B Derivation of SV,M
The bosonic expansion of Eq. (12) reads
LV,M =− 1
3
|S0|2HR(ω) + 2H
(|F0|2 − |DaS0|2)+ |S0|2HCD
+
1
2
|S0|2HCC
(|N |2 −B2a − (DaC)2)
+ 2|S0|2Hij¯
(
F iF¯ j¯ − ∂aSi∂aS¯ j¯
)
+
{
−HCNS0F¯0 +HCi (Ba + iDaC)S0DaS¯0
− |S0|2HCi
(
F iN¯ + i∂aS
i(Ba − iDaC))
+ 2S0HiF¯0F i − 2S0HiDaS¯0∂aSi + 3S20F0W + S30F iWi + h.c.
}
,
(107)
where N ≡ H+ iK. The subscripts on H andW denote the derivatives with
respect to C, Si and S¯ i¯, e.g., HC = ∂H/∂C and Hi = ∂H/∂Si. The Da is
the superconformal covariant derivative [30], whose bosonic part is given by
DaS0 = ∂aS0 − iAaS0 − baS0, DaC = ∂aC − 2baC. (108)
We take the following superconformal gauge fixing conditions:
D− gauge : −1
3
|S0|2H = 1
2
, (109)
A− gauge : S0 = S¯0 , (110)
K− gauge : bµ = 0 , (111)
which ensure that the Ricci scalar is canonically normalized in the action. 16
Then the R(ω) becomes the usual Ricci scalar that we denote by R. Under
these gauge conditions, we can rewrite Eq. (107) as
LV,M = 1
2
R + 2H|F0|2 − 3
4H2 I
2
a +
3
HAaJ
a + 3A2a
− 3
2H
{
HCD + 1
2
HCC
(|N |2 −B2a − (∂aC)2)+ 2Hij¯ (F iF¯ j¯ − ∂aSi∂aS¯ j¯)}
+
{
3HCi
2H
(
F iN¯ + i∂aS
i(Ba − iDaC))+√−3
2H
(−HCNF¯0 + 2HiF¯0F i)
− 9
2HF0W +
(−3
2H
)3/2
F iWi + h.c.
}
, (112)
16The gauge fixing condition for special SUSY is irrelevant for the bosonic part.
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where we have used the notation
Ia = HC∂aC +Hi∂aSi +Hj¯∂aS¯ j¯, (113)
Ja = HCBa + iHi∂aSi − iHj¯∂aS¯ j¯. (114)
Next, the auxiliary fields Aa, F0, F
i, N and D should be eliminated. As
was already mentioned in the main text, only D non-trivially appears in LDBI
and LFI , and therefore, we can easily integrate over the other auxiliary fields.
Their algebraic solutions are
Aa = − 1
2HJa, (115)
F i = −eJ∆ij¯
{
1
2
W¯j¯ +
(
Jj¯ −
JCj¯JC
JCC
)
W¯
}
, (116)
N =
2
JCC
(JCiF i + eJJCW¯) , (117)
F0 =
2
3
eJ /3
(
Ji − JCiJCJCC
)
F i − e4J /3
(
2J 2C
3JCC − 1
)
W¯ , (118)
where we have defined
J = −3
2
log
(
−2
3
H
)
, (119)
∆ij¯ =
(
∆ij¯
)−1
, ∆ij¯ = Jij¯ −
JCiJCj¯
JCC . (120)
After substituting these solutions into Eq. (112), we finally obtain
LV,M = 1
2
R− 1
2
JCC(∂aC)2 − 1
2
JCCB2a + JCD
− 2Jij¯∂aSi∂aS¯ j¯ +
(−JCi∂aC∂aSi − iJCiBa∂aSi + h.c.)
− e2J
[
2∆ij¯
{
1
2
Wi +
(
Ji − JCiJCJCC
)
W
}{
1
2
W¯j¯ +
(
Jj¯ −
JCj¯JC
JCC
)
W¯
}
+ 2
J 2C
JCC |W|
2 − 3|W|2
]
. (121)
C Derivation of the coefficients in Eq. (53)
Here we compute the explicit coefficients of Eq. (53). We skip writing down
δR and m
2
Rϕ, whose explicit expressions are not used in the main text.
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First, the V0 is given by
V0 =
e3−2γµ2
3M2P(3− 4)
[
9M2P − 12MPβ(3 + 2γ)+ β2(3 + 2γ)(−9 + 12+ 122
+ 6γ + 8γ(− 1))
]
. (122)
The linear term δϕ reads
δϕ =
2µ2
3M3P(3− 4)2
√
2
3
e3−2γ
[
9M2P(4γ+ 4− 3γ) + β2
{
4γ3(4− 3)(4− 42 + 3)
+ 4γ2
(
4
(
82 + − 6)+ 9)+ 3γ(4(122 + 7− 6) + 9) + 1443}
− 12βMP
(
2γ2(−3 + 4) + 3γ(−1 + 4) + 12)] . (123)
The m2ϕ is given by the following complicated expression:
m2ϕ =−
2µ2e3−2γ
9M4P(4− 3)3
[
12βMP
{
8γ3(−162 + 24− 9) + 8γ2(−162 + 9)
+ 24γ(−162 + 8− 3)− 3(802 + 24+ 9)
}
+ 9M2P
(
4γ2(3− 4)2 + 6γ(4− 3)(4+ 1) + 8(14− 3) + 27)
+ β2
{
16γ4(3 + 4− 42)(3− 4)2 + 8γ3(4− 3)(42(29 + 4)− 120+ 45)
+ 8γ2(42(171− 80+ 802)− 540+ 135)
+ 6γ(42(−45 + 24+ 1762) + 324− 81)
+ 9(42(9 + 4)(−5 + 12) + 108− 27)
}]
. (124)
Finally, as regards the m2R and the m
2
I , we only show their dominant
terms with respect to ζ as follows:
m2R =m
2
I = −
8ζµ2
M2P(3− 4)2
e3−2γ(3MP − 2β(2γ + 3))2 . (125)
D Minkowski vacuum after inflation
Let us discuss in more detail the possibility of Minkowski vacuum for the
model described in Sec. 4 with  = ζ = 0. Consider the superspace action
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(79) with f = 1 and a constant FI parameter I (we take MP = 1 below):
2J = A log(−C)−BC + ΦΦ¯ + d , (126)
W = µ(Φ + β) , (127)
where C is the real scalar component V , Φ is the Polonyi complex scalar,
and A,B, d, µ, β are real constant parameters. This choice is related to the
J -function of Sec. 4 by setting A = −3 and B = 3− 2γ.
The choice (126) and (127) leads to the scalar potentials
VF = µ2(−C)AeΦΦ¯−BC+d
(|ΦΦ¯ + βΦ + 1|2 −X|Φ + β|2) , (128)
VD = g
2
8
(
B − A
C
− I
3
)2
+O(α) , (129)
X ≡ 3 + A− 2BC + B
2C2
A
. (130)
Requiring the canonical kinetic term for the inflaton yields C = λeσϕ, with
σ =
√−2/A. Using the notation of Ref. [16], and can set λ = −1 without loss
of generality because λ can be absorbed by B and d in Eq. (126). During
inflation, unless B ≤ 0, the double exponential factor creates inflationary
instability [15]. In addition, the absence of ghosts requires A < 0. Taking
all this into account, it follows from Eq. (84) that, in order to obtain the
Starobinsky inflationary potential, we must require B − I/3 > 0, or I <
−3|B|.
The Minkowski vacuum conditions for the potential of Eqs. (128) and
(129) read
V = µ2(−C0)AeΦ20−BC0+d
[
(Φ20 + βΦ0 + 1)
2 −X0(Φ0 + β)2
]
+
g2
8
(
B − A
C0
− I
3
)2
= 0 , (131)
VΦ = Φ0VF + µ2(−C0)AeΦ20−BC0+d×
× [(2Φ0 + β)(Φ20 + βΦ0 + 1)−X0(Φ0 + β)] = 0 , (132)
Vϕ = σA
C0
(
B − A
C0
− I
3
)
+ σ(A−BC0)VF
+ 2σµ2(−C0)AeΦ20−BC0+d(Φ0 + β)2BC0
(
1− BC0
A
)
= 0 , (133)
where the subscript 0 denotes the vacuum expectation values.
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Let us consider the case when VD and VF separately vanish at the mini-
mum. 17 Then, as regards C0, we have
C0 = −eσϕ0 = A
B − I
3
, (134)
while Eqs. (131)-(133) are reduced to
(Φ20 + βΦ0 + 1)
2 = X0(Φ0 + β)
2 , (135)
(2Φ0 + β)(Φ
2
0 + βΦ0 + 1) = X0(Φ0 + β) , (136)
(Φ0 + β)
2BC0
(
1− BC0
A
)
= 0 , (137)
respectively.
As is clear from Eq. (137), if we assume a non-vanishing B, then we get
B,C0, A < 0, and the only way to satisfy Eq. (137) is to require Φ0 + β = 0
that is inconsistent with Eq. (135). Hence, there is no Minkowski vacuum
(at least for the case VD = VF = 0) unless B = 0 (i.e. γ = 3/2).
Given B = 0, we have
X0 = X = 3 + A and C0 = −3AI , (138)
and the solutions to Eqs. (135)(136) are given by
(a) Φ0 =
√
3 + A± 1 , β = −√3 + A∓ 2 , (139)
(b) Φ0 = −
√
3 + A± 1 , β = √3 + A∓ 2 . (140)
Since A must be negative, there is the additional restriction −3 ≤ A < 0.
Our choice of Sec. 4, A = −3, is the lowest allowed value in this case.
To summarize, we began with 7 parameters A,B, d, g, µ, β, I. Requiring
the Starobinsky inflationary potential and Minkowski vacuum with sponta-
neously broken SUSY after inflation leaves only two parameters g and µ.
The B should vanish, and the d can also vanish because it does not have
a significant impact. The orders of magnitude of A and β are also fixed,
whereas the I can be absorbed into a redefinition of ϕ and g. The gauge
coupling g controls the mass of the vector multiplet, including the mass of
the inflaton ϕ, while the parameter µ is proportional to the gravitino mass
and remains arbitrary in our models.
17In this case, the DBI corrections can be dropped because they are all proportional to
powers of (B − AC − I3 ).
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